Background While glenoid retroversion and posterior humeral head decentering are common preoperative features of severely arthritic glenohumeral joints, the relationship of postoperative glenoid component retroversion to the clinical results of total shoulder arthroplasty (TSA) is unclear. Studies have indicated concern for inferior outcomes when glenoid components are inserted in 15°or more retroversion. Questions/Purposes In a population of patients undergoing TSA in whom no specific efforts were made to change the version of the glenoid, we asked whether at 2 years after surgery patients having glenoid components implanted in 15°or greater retroversion had (1) less improvement in the Simple Shoulder Test (SST) score and lower SST scores; (2) higher percentages of central peg lucency, higher Lazarus radiolucency grades, higher mean percentages of posterior decentering, and more frequent central peg perforation; or (3) a greater percentage having revision for glenoid component failure compared with patients with glenoid components implanted in less than 15°retroversion. Methods Between August 24, 2010 and October 22, 2013, information for 201 TSAs performed using a standard allpolyethylene pegged glenoid component were entered in a longitudinally maintained database. Of these, 171 (85%) patients had SST scores preoperatively and between 18 and 36 months after surgery. Ninety-three of these patients had preoperative radiographs in the database and immediate postoperative radiographs and postoperative radiographs taken in a range of 18 to 30 months after surgery. TwentyOne of the authors certifies that he (FAM) or a member of his immediate family, has or may receive payments or benefits, during the study period, an amount of less than USD 10,000, from Elsevier (Amsterdam, The Netherlands). One of the authors certifies that he (JSS) or a member of his immediate family, has or may receive payments or benefits, during the study period, an amount of less than USD 10,000, from Springer Publishing Company (New York, NY, USA). All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. The University of Washington approved the human protocol for this investigation, and each author certifies that all investigations were conducted in conformity with ethical principles of research. This work was done at the Department of Orthopaedics and Sports Medicine, University of Washington, Seattle, WA, USA. 
Introduction
In shoulders with severe glenohumeral arthritis, the preoperative pathologic features commonly include glenoid retroversion and posterior decentering of the humeral head relative to the glenoid face [9, 45, 46, 53, 54] . Surgical treatment of these pathologic features can be a challenge; in their presence glenoid failure attributable to ''rocking horse'' loosening is a concern [17, 23, 28, 50, 55, 56] . Some authors suggest that glenoid components should be inserted in 15°or less retroversion to avoid inferior outcomes [3, 6, 10, 17, 47] . Several methods to address increased glenoid retroversion have been described [5, 21, 46] , including overreaming the anterior ''high side'' of the glenoid (Fig. 1) [14, 59] , posterior glenoid bone grafting [16, 34, 43] , posteriorly augmented glenoid components [40, 44, 49, 64] , and reverse total shoulder arthroplasty (TSA) [33] .
In our practice, we do not specifically attempt to address glenoid retroversion by overreaming the anterior glenoid, bone grafting, or use of special glenoid components. Instead, we strive to preserve glenoid bone stock by conservatively reaming the glenoid to a single concavity and managing any intraoperative posterior decentering of the humeral head with appropriate humeral head sizing, anteriorly eccentric humeral head components, and/or rotator interval plication [19] .
From the available literature, it is unclear whether the clinical outcomes for standard glenoid components implanted in 15°or more retroversion are inferior to those for standard glenoid components implanted in less than 15°r etroversion. Therefore, in a population of patients undergoing TSA with a standard glenoid component in whom no specific efforts were made to change the retroversion of the glenoid, we asked whether patients having glenoid components implanted in 15°or more retroversion had (1) less improvement in the Simple Shoulder Test (SST) score and lower SST scores at 2 years; (2) higher percentages of central peg lucency, higher Lazarus radiolucency grades, higher mean percentage posterior decentering, and more frequent central peg perforation; or (3) a greater percentage having revision compared with patients with glenoid components implanted in less than 15°retroversion.
Methods
The human research protocol for this study was approved by the University of Washington's institutional review board (IRB 38897).
Study Design and Participants
Between August 24, 2010 and October 22, 2013, we performed 201 TSAs with a standard all-polyethylene glenoid component with a fluted central peg with three peripheral pegs (Global 1 Advantage 1 ; Anchor Peg, DePuy Synthes, Warsaw, IN, USA). Of these, 171 (85%) patients had SST scores preoperatively and between 18 and 36 months after surgery. Ninety-three of these patients had available preoperative radiographs and immediate postoperative and postoperative radiographs taken in a range of 18 to 30 months after surgery. In the judgment of authors (JEH, BCS, JSS) not involved in the care of these patients, 22 patients had inadequate radiographs for measurement at the preoperative or latest followup so they could not be included in the analysis. The remaining 71 patients were the subjects of this analysis; this represents 76% of the 93 patients for whom 2-year radiographs were available, 42% of the 171 patients with 2-year followup SST scores, and 35% of the TSAs performed during the period of this study. The mean (± SD) followup was 2.5 ± 0.6 years (range, 18-36 months) for these 71 patients.
Surgical Technique
The shoulder was approached through an anterior deltopectoral incision. The joint was exposed using a subscapularis peel. After humeral head and osteophyte resection, a single glenoid concavity (Fig. 2) was created by conservative glenoid reaming without specifically attempting to correct version (Fig. 3) . Reaming was limited to that necessary to conform the reamed bony glenoid surface to the back of the glenoid component. The goal of this approach is to preserve the maximal amount of glenoid bone [61] . The flutes of the central peg were filled with autograft. The three peripheral pegs were cemented after the holes were dried with a carbon dioxide spray (CarboJet 1 ; Kinamed Inc, Camarillo, CA, USA). If the peripheral holes penetrated the glenoid bone, the hole was filled with cement, but the cement was not pressurized. The humeral component was fixed with impaction autografting [27] . A humeral head component thickness was selected that allowed 150°forward elevation and 60°internal rotation with the arm in 90°abduction [30] . If the head trial decentered posteriorly by more than 50% of the width of the glenoid when the arm was elevated in a forward direction, we replaced the standard trial head with an anteriorly eccentric humeral head (Fig. 4) [19, 26] . If adequate stability was not achieved with the use of an anteriorly eccentric humeral head component alone, plication of the rotator interval between the upper border of the subscapularis and the anterior border of the supraspinatus was performed (Fig. 5) [15, 32] . The subscapularis was repaired using six strands of Number 2 nonabsorbable suture. On the afternoon of surgery, patients were started on supine active assisted forward elevation exercises to 150°and progressed to strengthening exercises 
Study Variables
Preoperative and postoperative functional status at latest followup was assessed using the SST, which was selected because of its excellent psychometric properties, brevity, low cost, international use, responsiveness, and high degree of correlation with lengthier and more-complex instruments (Table 1) [1, 2, 13, 35, 41, 51, 52, 62] . Hsu et al. [22] reported an extensive validation for the use of the SST in patients having shoulder arthroplasty. From the results of clinic visits and from routinely mailed followup questionnaires documented in a longitudinally maintained database, we recorded the preoperative SST, 2-year postoperative SST, preoperative to postoperative change in SST, percent of maximum possible improvement (%MPI) in the SST calculated as: (followup SST score À preoperative score)*100% / (12 À preoperative score) [11, 31, 48] , and any history of postoperative dislocation or subluxation.
Standardized preoperative and postoperative radiographs included AP and axillary lateral views [17] [18] [19] 48] . Adequate observation of the spinoglenoid notch confirmed proper orientation of the axillary view [19, 29] . Because of the demonstrated utility and reproducibility of this method and to avoid unnecessary cost and radiation exposure, preoperative and postoperative CT scans were not obtained [29] . Acceptability of the images and radiographic assessments of glenoid version, glenoid type, postoperative glenoid lucencies, and glenoid decentering were performed by two board-eligible and one fellowship trained shoulder surgeons who were not involved in the care of these patients (BCS, JSS, JEH), who were blinded to the clinical outcome, and who were experienced in making these measurements [19] (Fig. 6) . Measurement of preoperative humeral head decentering also was done (Fig. 7) . The immediate postoperative version of the glenoid component was measured as the angle between the scapular body plane and a line through the metal marker of the central peg (Fig. 8) . Posterior humeral head decentering was measured on the radiograph obtained at the 2-year followup as the percent of the humeral head posterior to a line perpendicular to the midpoint of the glenoid face (Fig. 9 ) [19] . We use the term 'decentering' of the humeral head with respect to the glenoid fossa to avoid confusion with the term 'subluxation' which often is used to refer to the relationship of the humeral head to the plane of the scapula [45] .
Radiolucencies around the glenoid component have been linked to inferior clinical results [4, 8, 12, 24, 38, 65] and have been associated with glenoid components implanted in retroversion [17] . Central peg lucency was measured as described by Wirth et al. [61] and Ho et al. [17] : Grade 1 indicates substantial osteolysis around the central peg, Grade 2 indicates bone integration to the edges of the flanges, and Grade 3 indicates bone integration in the flanges. We defined Grade 1 as central peg radiolucency and Grades 2 and 3 as no central peg radiolucency. The Lazarus' classification of glenoid component radiolucencies also was assessed [25] : Grade 0 is no radiolucency; Grade 1 is incomplete radiolucency around one or two pegs; Grade 2 is complete radiolucency less than 2 mm around one peg; Grade 3 is complete radiolucency less than 2 mm around two or more pegs; Grade 4 is complete radiolucency more than 2 mm around two or more pegs; and Grade 5 is gross loosening of the glenoid component.
Revision Surgery
The longitudinally maintained database was reviewed for evidence that patients had undergone any subsequent procedures to the affected shoulder. These data were updated at yearly clinic visits or as part of regularly mailed questionnaires that specifically asked about revision surgery. Potential indications for revision surgery included infection, symptomatic loosening, subscapularis failure, or progressive pain and stiffness that were refractory to conservative management.
Statistical Analysis
Descriptive statistics were used to characterize the patient demographics; means and SDs were presented for continuous variables, and frequencies were tabulated for categorical variables. The primary outcome variable was the preoperative to postoperative change in the SST score. Roy et al. [42] suggested that the minimal clinically important difference for the SST in shoulder arthroplasty is 3. Others have suggested that the minimal clinically important difference is 30% of the MPI from preoperative to latest followup [11, 31, 48] .
Shoulders in which the glenoid component was implanted in 15°or greater retroversion (retroverted) were compared with shoulders in which the glenoid component was implanted in less than 15°retroversion (nonretroverted). The cutoff of 15°was selected based on previous studies suggesting less than 15°retroversion was required for acceptable joint biomechanics and for the use of a standard polyethylene component; implanting a glenoid component in 15°or greater retroversion has been thought to be associated with inferior outcomes [3, 6, 10, 17, 47] . Significance testing was performed using a standard twotailed t-test for continuous variables and Fisher's exact, Mann-Whitney U, Wilcoxon signed rank, and chi-square tests for categorical variables. Significance was set as a probability less than 0.05.
To address the potential for transfer bias, we compared the demographics and postoperative outcomes for the 71 patients included in the study with the 22 who did not have radiographs adequate for making the necessary measurements. The majority of these unusable radiographs were obtained at centers near the homes of patients unable to return to our center, where our technologists have established a standard and highly reproducible shoulder x-ray protocol. We found that the 22 excluded patients did not have substantially different mean age, sex distribution, time of followup, distribution of diagnoses, American Society of Anesthesiologists class, alcohol use, smoking history, BMI, or history of prior surgery from the 71 included in the analysis (Appendix 1. Supplemental material is available with the online version of CORR 1 .). Preoperative retroversion measurements were available for 11 of the 22 excluded patients. For these 11 shoulders, the mean (± SD) retroversion was 15.8°± 14.6°, five of the 11 (45%) had less than 15°, and six of the 11 (55%) had 15°or more retroversion.
Seventy-one shoulders were included in the final analysis, including 21 in the retroverted group and 50 in the nonretroverted group (Table 1 ). The retroverted group had two factors that might have contributed to inferior results: a higher percentage of patients who had undergone prior surgeries and a longer average followup than patients in the nonretroverted group.
Because of the commonly expressed concern regarding management of the type B glenoid-a glenohumeral pathomorphology characterized by posterior humeral decentering with or without a glenoid surface biconcavity, we performed a subgroup analysis of the clinical and radiographic results for the 39 type B glenoids in this series, 15 of which were retroverted and 24 of which were nonretroverted. 
Results
With the numbers available, the mean (± SD) improvement in the SST (6.7 ± 3.6; from 2.6 ± 2.6 to 9.3 ± 2.9) for the retroverted group was not inferior to that for the nonretroverted group (5.8 ± 3.6; from 3.7 ± 2.5 to 9.4 ± 3.0) ( Table 2 ). Although the 2-year SST scores are similar, the preoperative scores for the retroverted glenoids were 2.6 ± 2.6 compared with 3.7 ± 2.5 for the nonretroverted glenoids. The mean difference in improvement between the two groups was 0.9 (95% CI, À 2.5 to 0.7; p = 0.412).
The %MPI for the retroverted glenoids (70% ± 31%) was not inferior to that for the nonretroverted glenoids (67% ± 44%). The mean difference between the two groups was 3% (95% CI, À 18% to 12%; p = 0.857).
The 2-year SST scores for the retroverted (9.3 ± 2.9) and the nonretroverted glenoids (9.4 ± 3.0) were similar (mean difference, 0.2; 95% CI, À 1.1 to 1.4; p = 0.697).
The longitudinally maintained database contained no indication of subluxation or dislocation for patients in either group.
With the numbers available, the radiographic results for the retroverted glenoids were similar to those for the nonretroverted glenoids with respect to central peg lucency (four of 21 [19%] versus six of 50 [12%]; p = 0.436; odds ratio, 1.7; 95% CI, 0.4-6.9), average Lazarus radiolucency scores (0.5 versus 0.7, Mann Whitney p value = 0.873; Wilcoxon rank sum test W = 512, p value = 0.836), and the mean percentage of posterior humeral head decentering (3.4% ± 5.5% versus 1.6% ± 6.0%; p = 0.223) ( Table 3) . 
Type B Glenoids
The improvement in SST for the retroverted type B glenoids (7.8 ± 2.9) was not inferior to improvement for the nonretroverted type B glenoids (5.3 ± 3.1; p = 0.023) ( Table 4 ). The %MPI was not worse for the retroverted type B glenoids (80% ± 22%) than for the nonretroverted type B glenoids (68% ± 35%). These findings may be attributable to the lower preoperative SST scores for the retroverted type B glenoids (2.2 ± 2.3) in comparison to the nonretroverted type B glenoids (3.9 ± 2.5; p = 0.039).
As expected, component retroversion for the retroverted glenoids (20.9°± 5.6°) was greater than that for the nonretroverted glenoids (7.3°± 6.1°; p \ 0.001); similarly central peg perforation was more frequent for the retroverted glenoids (eight of 15 [53%]) in comparison to the nonretroverted glenoids (four of 24 [17%]; p = 0.016); however, with the numbers available the radiographic results were not statistically significantly different between the two groups with respect to central peg lucency, Lazarus grading, or posterior decentering.
Revisions
The percentage of TSAs revised was not worse for the retroverted glenoids (0 of 21 [0%]) than the percentage for the nonretroverted glenoids (three of 10 [6%]). In the nonretroverted group, one patient had a revision with humeral head exchange for stiffness 3.5 months after the initial arthroplasty, and a second patient underwent subscapularis repair and exchange of the humeral components after a fall that caused subscapularis failure just over 2 months after the index procedure. The third patient had a subscapularis reconstruction with allograft tendon after traumatic failure occurring 25 months after the index operation.
Discussion
Authors have expressed concern regarding inferior clinical outcomes when standard glenoid components are inserted in more than 15°retroversion, leading surgeons to seek approaches for changing glenoid version in TSAs [5, 7, 10, 16, 21, 34, 40, 44, 49, 59] . While arthritic shoulders with substantial preoperative retroversion represent a more-severe form of glenohumeral arthritis, it remains unclear whether, as suggested by some authors [3, 6, 10, 17, 47] , the clinical results of inserting a standard glenoid component in 15°or more retroversion are inferior to those obtained when the glenoid component is inserted in less than 15°retroversion. In an attempt to answer this question we sought to determine if the clinical results of retroverted glenoids were worse than those for nonretroverted glenoids in a series of TSAs in which the glenoid component was inserted without attempting to change glenoid version. With the numbers available, the clinical results were not worse for the patients with retroverted glenoids. There are several limitations to our study. First, while the clinical results for patients with retroverted glenoids were not worse than those for patients with nonretroverted glenoids in this series, it is possible that a larger series might have yielded different results. Second, progressive glenoid component lucency and failure may occur many years after implantation; our 2-year results may not presage the long-term outcomes of these TSAs [57, 58] . Further evaluation of these patients at 5 and 10 years postoperatively would provide greater certainty in answering whether the clinical results of glenoid components inserted in 15°or more retroversion became inferior with time to those inserted in less than 15°retroversion. Third, while the preoperative to postoperative changes in the SST scores were 6.7 ± 3.6 for the retroverted glenoid group and 5.8 ± 3.6 for the nonretroverted glenoid group, our study was not intended to nor sufficiently powered to assess a minimal clinically important difference (3 points in the SST score) between the retroverted and nonretroverted groups. Fourth, we relied on standardized axillary views to determine the preoperative and postoperative glenoid version and glenohumeral relationships. Although some authors point to greater precision with CT scans in the measurement of preoperative glenoid pathoanatomy [36] , the advantages of standardized axillary views are that they are less expensive, administer a lower radiation dose, and enable comparison of preoperative and postoperative glenoid version and glenohumeral relationships. The degree of agreement between CT and plain radiographic measurements of glenoid version has been documented [18] . Fifth, Yian et al. [63] reported that postoperative CT scans are more sensitive to postoperative radiolucencies. Interestingly they reported that at a mean of 40 months after surgery there was no effect of glenoid retroversion on radiographic loosening or lucencies detected by CT scans [63] . The use of standardized radiographs for assessment of periglenoid lucency generally has been accepted [17, 25, 49] . Sixth, we excluded 22 patients (24% of the 93 otherwise eligible patients with 2-year clinical followup and 2-year postoperative radiographs) who did not have adequate pre-or postoperative radiographs for measuring all radiographic variables. The majority of these unacceptable radiographs were obtained at centers near the homes of patients unable to return to our office for standardized films. It is possible that this may have introduced a bias, although the preoperative characteristics of the included and excluded shoulders appeared to be similar. Seventh, the patients with retroverted glenoids were different in some respects than those with nonretroverted glenoids in that the former had lower preoperative SST scores, a higher percentage of prior surgery, and longer followup than the nonretroverted group; despite these potentially adverse factors, the clinical results for the retroverted glenoid group were not worse than for the nonretroverted glenoid group. Eighth, the patients in our study were cared for at a tertiary shoulder practice; therefore, these results may not be generalizable to other settings. Ninth, this study does not compare our approach with alternative methods of managing glenoid retroversion, such as eccentric reaming, posterior bone grafting, posteriorly augmented glenoid components, or reverse TSA.
With the numbers available, we found that the clinical results for shoulders with glenoid components inserted in 15°or greater retroversion were not worse than those for components inserted in less than 15°retroversion. Our results can be compared with those of Ho et al. [17] , who examined the precept that glenoid component retroversion and eccentric loading can lead to glenoid component loosening. They reviewed 66 shoulders having total shoulder replacement with an all-polyethylene press-fit pegged glenoid component similar to that used in our study. At an average of 3.8 ± 1.8 years after surgery, 20 had osteolysis around the center peg on plain radiographs. The length of time after replacement, preoperative glenoid retroversion, and postoperative glenoid component retroversion were correlated with osteolysis around the glenoid center peg and an increase in the Lazarus component Change in score 6.0 ± 3.5 6.7 ± 3.6 5.8 ± 3.6 À 0.9 (À 2.5 to 0.7) 0.349 % MPI (mean±SD) 68% ± 40% 70% ± 31% 67% ± 44% À 3% (À 18% to 12%) 0.737 % MPI = percent maximum possible improvement. ). In their study, the presence of osteolysis around the center peg was not correlated with a worse clinical outcome defined by shoulder scores or a reoperation attributable to glenoid loosening. The rate of glenoid radiolucencies in our study is similar to those of other studies using pegged bone-ingrowth glenoid components [17, 37, 60, 61] . Wirth et al. [61] reported that of 44 shoulders with a mean radiographic followup of 3 years, three glenoids had Grade 1 radiolucency around the central peg (7%). At a mean 3.9 years, Wijeratna et al. [60] reported that 10 of 83 shoulders (12%) had osteolysis around the central peg. Parks et al. [37] studied 80 glenoid components and found 12% Grade 1 radiolucencies around the central peg at an average radiographic followup of 2.8 years. As would be expected, anterior glenoid vault perforation by the central fluted peg occurred frequently when the glenoid component was inserted in retroversion. Prior studies have shown that central peg perforation was not associated with inferior clinical or radiographic outcomes [20, 39] .
Two recent studies using posteriorly augmented glenoid components showed similar radiographic findings to those of our study in which standard glenoid components were used, although the approaches to measuring glenoid retroversion were not exactly the same. Favorito et al. [7] reported on 22 TSAs using an all-polyethylene posteriorly augmented stepped glenoid component for shoulders with greater than 15°retroversion. We had 21 shoulders with 15°or more retroversion. The mean Lazarus radiolucency scores were 0.50 in the study by Favorito et al. compared with 0.48 in our study.
Stephens et al. [49] reported results of posteriorly augmented glenoids in shoulders with preoperative retroversion averaging 20.8°. Postoperative retroversion averaged 9°. Radiolucencies surrounding the glenoid were found in five of 21, of which four were Grade 1 and one was Grade 2 [49] .
The percentage of patients in our study who underwent any subsequent surgery was 6% in the nonretroverted group and none in the retroverted group. None of these subsequent surgeries were performed owing to glenoid loosening. There were no known postoperative episodes of instability. These results are similar to those of Stephens Glenoid retroversion (degrees, mean ± SD) 12.5 ± 8.9 20.9 ± 5.6 7.3 ± 6.1 À 13.6 (À 16.9 to À 10.4) \0.001
Central peg lucency [14, 53] 4 (10%) 3 (20%) 1 (4.2%) 0.113
Lazarus radiolucency (mean ± SD) [20] 0.5 ± 0.9 0.5 ± 0. Posterior decentering (mean ± SD) 2.9% ± 6.3% 4.2% ± 6.3% 2.1% ± 6.3% À 2.1% (À 5.5% to 1.4%) 0.327
Central peg perforation 12 (31%) 8 (53%) 4 (17%) 0.016 %MPI = maximum possible improvement; central peg lucency measured as described by Wirth et al. [61] and Ho et al. [17] ; ** Lazarus glenoid component radiolucencies reported as previously described [25] ; ***postoperative glenoid version was measured as the angle between the scapular body plane and a line through the metal marker of the central peg.
et al. [49] with posteriorly augmented components, in which there were no reported glenoid component failures. However, Favorito et al. [7] reported two postoperative dislocations using posteriorly augmented components. One patient had an anterior dislocation noted at the first postoperative evaluation 2 weeks after the index procedure resulting in revision surgery. The second patient sustained a posterior dislocation 22 months postoperatively that was treated with revision to a reverse TSA.
Conclusion
In this small series of TSAs with conservative glenoid reaming without a specific attempt to correct glenoid retroversion, the 2-year results of shoulders with retroverted glenoid components were not inferior to those for shoulders with nonretroverted glenoids; there were no revisions in the patients with retroverted glenoids. Larger, longer-term comparative studies will be necessary to determine the maximum amount of retroversion that can be effectively managed using the approach described here and how the results of this technique compare with those of shoulder arthroplasties performed for similar pathoanatomy, for example, using eccentric reaming, posterior bone grafting, posteriorly augmented glenoid components, or reverse TSA.
